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(54) RUTHENIUM COMPLEX AND PRODUCTION OF ALCOHOL COMPOUND IN PRESENCE OF THE 
COMPLEX AS CATALYST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the new compound useful as a catalyst for producing optically active 
alcohol compounds, etc., in high yields and in high selectivity. 

SOLUTION: A compound of the formula: RuXY(PR1 R2R3)n(NR6R7R8)m [X and Y are each H or the like; R1-R3 
are each a (substituted) hydrocarbon; (m) and (n) are each 0-4; R6-R8 are each H or the like], for example, cis- 
dihydnde- cis-bis(tnphenylphosphineXethylenediamine) ruthenium. The new compound is obtained, for example, 
by reacting a phosphine-ruthenium halide complex [for example, RuCI2(PPh3)3 (Ph is phenyl)] with an amine 
such as ethylenediamine in a solvent such as methylene dichloride preferably at -100 to 200° C and 
subsequently hydrogenating the reaction product under a hydrogenation or hydrogen transfer type reduction 
reaction condition. The phosphine- ruthenium halide complex is obtained by reacting a ruthenium halide with a 
phosphine ligand. 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (1) 
[Formula 1] 

RuXY(PR , R2 R 3 )n (NR 6 R 7 R 8 )m 



(1) 

(You may differ, even if the same the inside X and Y of a formula, and a hydrogen atom, a halogen atom, a 
carboxyl group, or other anion radicals are shown. R1, R2. and R3) It is the hydrocarbon group which may differ 
even if the same, and may have a substituent. R1 R2 the chain ring which may become together and may have a 
substituent may be formed — being shown — n — the integer of 0 to 4 — it is — R6, R7. and R8 or [ being the 
same J or you may differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, 
and m is the integer of 0 to 4. The ruthenium complex expressed 
[Claim 2] General formula (2) 
[Formula 2] 



R 6 R 9 
\ / 

RuXY(PR 1 R 2 R 3 )n( N-Z-N )m , 9 * 

/ \ U j 



>10 



(Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom, a 
carboxyl group, or other anion radicals are shown. R1, R2, and R3) It is the hydrocarbon group which may differ 
even if the same, and may have a substituent. R1 R2 It is shown that the chain ring which may become together 
and may have a substituent may be formed, and n is the integer of 0 to 4. R6, R7, R9, and R10 or [ being the 
same J or you may differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, 
L shows the hydrocarbon group which may have a substituent, and m is the integer of 0 to 4. The ruthenium 
complex expressed. 
[Claim 3] General formula (3) 
[Formula 3] 

RuXY(PR'R2_ W _p R 4 R5)n (NR 6 R 7 R8)f 



,m (31 



(Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom, a 
carboxyl group, or other anion radicals are shown. R1, R2. R4, and R5) It is the hydrocarbon group which may be 
the same or may d.ffer mutually and may have a substituent. R1 R2 It is shown that the chain ring which may 
become together and may have a substituent may be formed. Moreover. R4 R5 It is shown that the chain ring 
which may become together and may ******** may be formed. W the hydrocarbon group which may have a 
subst.tuent - it js - n - the integer of 0 to 4 - being shown - R6. R7. and R8 or [ being the same ] - or 
you may differ the hydrocarbon group which may have a hydrogen atom or a substituent is shown, and m is the 
integer of 0 to 4. The ruthenium complex come out of and expressed 
[Claim 4] General formula (4) 
[Formula 4] 

\ ./ 
RuXY(PRi R 2. w .p R 4 R5jn ( ' 

/ \ (4) 
R R 10 

(Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom, a 
carboxyl group, or other anion radicals are shown. R1. R2. R4. and R5) It is the hydrocarbon group which may be 



the same, or may differ mutually and may have a substituent. R1 R2 It is shown that the ring which may become 
together and may have a substituent may be formed. Moreover, R4 R5 It is shown that the ring which may 
become together and may have a substituent may be formed. W The hydrocarbon group which may have a 
substituent is shown and n is the integer of 0 to 4. R6, R7, R9. and R10 or [ being the same ] — or you may 
differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, Z shows the 
hydrocarbon group which may have a substituent, and m is the integer of 0 to 4. The ruthenium complex 
expressed. 

[Claim 5] PR one R2R3 Ruthenium complex according to claim 1 which is an optical-activity radical. 

[Claim 6] NR six R7R8 Ruthenium complex according to claim 1 which is an optical-activity radical. 

[Claim 7] PR one R2R3 Ruthenium complex according to claim 1 whose NR(s) six R7R8 are both optical-activity 

radicals at a list. 

[Claim 8] PR one R2R3 Ruthenium complex according to claim 2 which is an optical-activity radical. 
[Claim 9] The ruthenium complex according to claim 2 whose radical of a degree type is an optical-activity 
radical. 

[Formula 5] 

\ / 

-Z-N 



\ 



>10 



[Claim 10] PR one R2R3 Ruthenium complex according to claim 2 whose radicals of a degree type are both 
optical activity [** 6] 

N-Z-N 



[Claim 1 1] PR1 R2-W-PR four R5 Ruthenium complex according to claim 3 which is an optical-activity radical 
Lclaim 12] NR six R7R8 Ruthenium complex according to claim 3 which is an optical-activity radical [claim 1 3] 

R2-W-PR four R5 It is NR six R7R8 to a list. Ruthenium complex according to claim 3 which are both 
optical-activity radicals [claim 14] PR1 R2-W-PR four R5 Ruthenium complex according to claim 4 which is an 
optical-activity radical [claim 15] The ruthenium complex according to claim 4 whose radical of a degree type is 
an optical-activity radical [** 7] 

\ r 

N-Z-N 



\ 



.10 



[Claim 16] PR1 R2-W-PR four R5 Ruthenium complex according to claim 4 whose radicals of a degree type are 
both optical-activity radicals [** 8] 

N-Z-N 

J \ 



>io 



[Claim 1 7] The manufacture approach of the alcoholic compound characterized by returning a carbonyl 

compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and manufacturing 

an alcoholic compound by making a ruthenium complex according to claim 1 into a catalyst. 

[Claim 18] The manufacture approach of the alcoholic compound characterized by returning a carbonyl 

compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and manufacturing 

an alcoholic compound by making a ruthenium complex according to claim 2 into a catalyst. 

[Claim 19] The manufacture approach of the alcoholic compound characterized by returning a carbonyl 

compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and manufacturing 

an alcoholic compound by making a ruthenium complex according to claim 3 into a catalyst. 

[Claim 20] The manufacture approach of the alcoholic compound characterized by returning a carbonyl 

compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and manufacturing 



an alcoholic compound by making a ruthenium complex according to claim 4 into a catalyst. 

[Claim 21] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 

carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 

manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 5 into a 

catalyst. 

[Claim 22] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 6 into a 
catalyst. 

[Claim 23] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 7 into a 
catalyst. 

[Claim 24] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 8 into a 
catalyst. 

[Claim 25] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 9 into a 
catalyst. 

[Claim 26] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 10 into 
a catalyst. 

[Claim 27] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 1 1 into 
a catalyst. 

[Claim 28] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 12 into 
a catalyst. 

[Claim 29] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 1 3 into 
a catalyst. 

[Claim 30] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 14 into 
a catalyst. 

[Claim 31] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 1 5 into 
a catalyst. 

[Claim 32] The manufacture approach of the optical-activity alcoholic compound characterized by returning a 
carbonyl compound to the bottom of existence of the compound which supplies hydrogen or hydrogen, and 
manufacturing an optical-activity alcoholic compound by making a ruthenium complex according to claim 1 6 into 
a catalyst. 

[Claim 33] The manufacture approach of the alcoholic compound returned in the approach of claim 1 7 thru/or 
either of 20 by the 2 component catalyst system with the salt of alkali metal or alkaline earth metal, or 
quarternary ammonium salt. 

[Claim 34] The manufacture approach of the alcoholic compound returned in the approach of claim 21 thru/or 
either of 32 by the 2 component catalyst system with the salt of alkali metal or alkaline earth metal or 
quarternary ammonium salt. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Invention of this application relates to the manufacture approach of the alcoholic 
compound which makes a new ruthenium complex and this a catalyst. It is related with the manufacture 
approach of the compound alcoholic [ still more detailed ] with which invention of this application makes a 
catalyst the alcoholic compound as synthetic intermediate field of a remedy, agricultural chemicals, or much 
general-purpose chemistry article etc. and the new ruthenium complex which is an efficient catalyst useful 
although achiral and an optical-activity alcoholic compound are manufactured again, and this ruthenium complex, 
achiral, and an optical-activity alcoholic compound. 
[0002] 

[Description of the Prior Art] Although the transition metal complex has the track record as an effective catalyst 
of various homogeneous systems or non-** system catalytic reaction until now, the catalyst for the well head of 
a carbonyl compound and high selection-hydrogenation thru/or a reduction reaction is not developed. The 
method of manufacturing the alcohols which correspond by hydrogenation of carbonyl compounds using a 
homogeneous catalyst is learned well until now. For example, (1) ComprehensiveOrganometallic Chemistry, 
Vol.4,931 page (1982), Eds.G.Wilkinson and F.G.A.Stone and E.W.Abel ****** using the indicated ruthenium 
complex, (2) Inorg.Nucl.Chem.Letters, Vol.1 2,865 page (1976); J.Organomet.Chem. and Vol. 129,239-page 
(1977);Chem.Letters, 261 pages (1982), and TetrahedronLetters, The approach using Vol.35, the approach using 
the rhodium complex indicated by 4963 pages (1 994). (3) J.Am.Chem.Soc, Vol.1 1 5, and the iridium complex 
indicated by 3318 pages (1993) etc. is learned. 

[0003] However, the metals used as a catalyst were the so-called noble-metals complex compound catalysts, 
such as a comparatively expensive rhodium, iridium, palladium, and platinum, and since hydrogenation activity 
moreover needed low comparatively hot or high hydrogen pressure, these conventional approaches had the 
trouble that it was not necessarily suitable in practical use. On the other hand, when its attention is paid to 
acquisition of optical-activity alcohol, the approach using enzymes, such as 1 baker's yeast, the approach of 
carrying out dissymmetry hydrogenation of the carbonyl compound using 2 metal-complex catalyst, etc. are 
learned. The example of many asymmetric catalyst reactions is reported especially in the latter approach until 
now. For example (1) Asymmetric Catalysis in Organic Synthesis and 56-82-page (1994) Ed.R.Noyori The 
dissymmetry hydrogenation approach of a carbonyl compound of having a functional group by the optical-activity 
ruthenium catalyst indicated by the detail. (2) Chem.Rev., Vol.92, the ruthenium indicated by 1051 - 1069 pages 
(1992), The approach by the hydrogen migration mold reduction reaction by the dissymmetry complex compound 
catalyst of a rhodium and iridium, (3) How to carry out dissymmetry hydrogenation using the nickel catalyst 
which embellished the tartaric acid indicated by 822 - 831 pages (1980) of oil chemistry. Advancesin Catalysis, 
and Vol. 32,215-page (1983) Ed.Y.Izumi, (4) Asymmetric Synthesis and Vol. 5 and Chap.4(1985) Ed.J.D.Morrison 
And J.Organomet, Chem, the approach by the dissymmetry hydrosilylation indicated by Vol.346,41 3-424 page 
(1988), (5) J.Chem.Soc, Perkin Trans, 1, 2039 - 2044 pages (1985) and J.Am.Chem.Soc, Vol.109, the approach of 
carrying out borane reduction under existence of the dissymmetry ligand indicated by 5551 - 5553 pages (1987), 
(6) The approach of carrying out dissymmetry hydrogenation under existence of J.Am.Chem.Soc, Vol.1 17, the 
phosphine indicated by 2675 - 2676 pages (1995), and a diamine dissymmetry ligand etc. is learned. 
[0004] However, the approach using an enzyme has constraint in the class of reaction substrate of what can 
obtain the alcohols of comparatively high optical purity, and has the fault that the absolute configuration of the 
alcohols moreover obtained is also restricted to a specific thing. Moreover, although in the case of the 
conventional approach by the dissymmetry hydrogenation catalyst of transition metals optical-activity alcohols 
could be manufactured by high selectivity to a substrate like a keto acid for example, the functional group was 
included in intramolecular, in hydrogenation of the carbonyl compound of the simple structure without a 
functional group, the difficulty was in the reaction rate. Furthermore, although the approach given 
[ aforementioned ] in (6) reference was excellent in respect of selectivity and activity, a ruthenium phosphine 
complex, diamine, and three components of a base are mixed and used for it, and it had the difficulty that 



actuation is complicated. 

[0005] For this reason, conventionally, the generality for manufacturing an alcoholic compound was high, and 
moreover, high activity and the high selection-catalyst, and the approach for manufacturing an alcoholic 
compound, an aralkyl, and an optical-activity alcoholic compound using this were searched for 
[0006] 

[Means for Solving the Problem] Invention of this application offers the new ruthenium complex as follows as 

what solves the technical problem as above-mentioned. 

<1> general formula (1) 

[0007] 

[Formula 9] 

RuXY (PFOfWjn (NR 6 R 7 R 8 )im ( 1 } 

[0008] (You may differ, even if the same the inside X and Y of a formula, and a hydrogen atom, a halogen atom 
and a carboxyl group or other anion radicals are shown. R1. R2. and R3) It is the hydrocarbon group which may 
be the same, or may differ mutually and may have a substituent. R1 and R2 the chain ring which may become 
together and may have a substituent may be formed — being shown — n — the integer of 0 to 4 — it is — R6. 
R7, and R8 or [ being the same ] — or you may differ, the hydrocarbon group which may have a hydrogen atom 
or a substituent is shown, and m is the integer of 0 to 4. The ruthenium complex expressed. 
<2> general formulas (2) 
[0009] 

[Formula 10] 

R 6 R 9 
\ / 

RuXY (PR 1 R 2 R 3 )n( N-Z-N )m (2 ) 
^ \ 10 

[0010] (Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom, 
a carboxyl group, or other anion radicals are shown. R1, R2. and R3) It is the hydrocarbon group which may differ 
even if the same, and may have a substituent. R1 R2 It is shown that the chain ring which may become together 
and may have a substituent may be formed, and n is the integer of 0 to 4. R6, R7. R9. and R10 or [ being the 
same ] — or you may differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, 
Z shows a hydrocarbon group, and m is the integer of 0 to 4. The ruthenium complex expressed. 
<3> general formulas (3) 
[0011] 

[Formula 1 1] 

RuXY(PR 1 R2. W .p R 4 R5)n (NR 6 R 7 Rfl)m ( 3 ^ 

[0012] (Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom 
a carboxyl group, or other anion radicals are shown. R1, R2, R4, and R5) It is the hydrocarbon group which may 
be the same, or may differ mutually and may have a substituent. R1 R2 It is shown that the chain ring which may 
become together and may have a substituent may be formed. Moreover, R4 R5 It is shown that the chain ring 
which may become together and may have a substituent may be formed. W the hydrocarbon group which may 
have a substituent — being shown — n — the integer of 0 to 4 — it is — R6, R7. and R8 or [ being the same ] 
or you may differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, and m 
is the integer of 0 to 4. The ruthenium complex expressed. 
<4> general formulas (4) 
[0013] 

[Formula 12] 

R6 R 9 

=luXY(PRlR2.W-PR4R5 )n ( N . Z . N / )m 

/ V (4) 
R 10 

[0014] (Among the formula, even if X and Y are the same, you may differ, and a hydrogen atom, a halogen atom 
a carboxyl group, or other anion radicals are shown. R1. R2, R4, and R5) It is the hydrocarbon group which may' 
be the same, or may differ mutually and may have a substituent. R1 R2 It is shown that the chain ring which may 
become together and may have a substituent may be formed. Moreover, R4 R5 It is shown that the chain ring 



which may become together and may have a substituent may be formed. W The hydrocarbon group which may 
have a substituent is shown and n is the integer of 0 to 4. R6, R7, R9, and R10 or [ being the same ] — or you 
may differ, the hydrocarbon group which may have a hydrogen atom or a substituent is shown, Z shows the 
hydrocarbon group which may have a substituent, and m is the integer of 0 to 4. The ruthenium complex 
expressed. 

[0015] And invention of this application also offers the method of using for a catalyst the ruthenium complex 
either [ at least / whose ] a phosphine ligand or an amine ligand is an optical-activity radical, returning a 
carbonyl compound in a general formula (1), (2), (3), and (4), to the bottom of existence of the compound which 
supplies hydrogen or hydrogen, and manufacturing an alcoholic compound also in the above ruthenium complex, 
especially the method of manufacturing an optical-activity alcoholic compound again. 
[0016] Furthermore, invention of this application also offers the approach of manufacturing an alcoholic 
compound and an optical-activity alcoholic compound according to the catalyst of the binary system which 
consists of the above ruthenium catalyst, and the salt of alkali metal or alkaline earth metal or quarternary 
ammonium salt. 
[0017] 

[Embodiment of the Invention] Although invention of this application has the description as above, it explains the 
gestalt of that operation in detail below. First, in the general formula (1) showing the new ruthenium complex of 
this invention, (2), (3), and (4), although you may differ even if Signs X and Y are the same, and a hydrogen atom, 
a halogen atom, a carboxyl group, or other anion radicals are shown, as other anion radicals in this case, you may 
be various kinds of things, for example, an alkoxy group, a hydroxy group, etc. are illustrated. 
[0018] And although the ruthenium complex of this invention expressed with a general formula (1), (2), (3), and 
(4) has a phosphine ligand and an amine ligand, the phosphine ligand of these is PR one R2R3 and R1 R2 P-W- 
PR four R5. It is shown. PR one R2R3 setting — R1, R2, and R3 It is the hydrocarbon group which may be the 
same, or may differ mutually and may have a substituent. R1 R2 It is shown that the chain ring which may 
become together and may have a substituent may be formed, and it is R1 R2 P-W-PR four R5. It sets. R1, R2, 
R4, and R5 It may be the same or you may differ mutually. It is the hydrocarbon group which may have a 
substituent and is R1. R2 It is shown that the chain ring which may become together and may have a substituent 
may be formed. Moreover, R4 R5 It is shown that the chain ring which may become together and may have a 
substituent may be formed, and W shows the hydrocarbon group which may have a substituent. 
[0019] Here, it is R1, R2, R3, and R4. And R5 The hydrocarbon groups which may have a substituent may be 
various kinds of things of these hydrocarbon groups with the hydrocarbon of the aromatic series of the 
hydrocarbon group of the saturation of aliphatic series and an alicycle group, or partial saturation, a monocycle, 
or many rings, or aroma aliphatic series, or a substituent. For example, it is further chosen from from at 
hydrocarbon groups, such as alkyl, the alkenyl, cycloalkyl, cyclo alkenyl, phenyl, naphthyl, and phenyl alkyl, and 
these hydrocarbon groups among those which have various kinds of substituents permitted, such as alkyl! the 
alkenyl, cycloalkyl, aryl, alkoxy ** ester, an acyloxy, a halogen atom, nitroglycerine, and a cyano group. 
[0020] And R1 R2 and R4 R5 It is R1 when forming a ring. R2, and R4 and R5 A chain is formed unitedly and it is 
chosen from a thing with various kinds of substituents permitted, such as alkyl, the alkenyl, cycloalkyl, aryl, 
alkoxy ** ester, an acyloxy, a halogen atom, nitroglycerine, and a cyano group, on this chain. About W, it is R1, 
R2, R3, R4, and R5. It is suitably chosen as what constitutes a divalent radical from from among various kinds of 
hydrocarbon groups, and 2 seat phosphine ligand is formed. 

[0021] General formula PR one R2R3 As an example of a single seat phosphine ligand expressed, the third class 
phosphines, such as a trimethyl phosphine, a triethyl phosphine, tributyl phosphine, triphenyl phosphine, tri- 
cyclohexyl phosphine, the Tori (p-tolyl) phosphine, a diphenyl methyl phosphine, and a dimethylphenyl phosphine, 
are illustrated as a suitable thing, for example. Furthermore, it is R1 R2 R3. The optical-activity phosphine ligand 
which consists of a substituent different three sorts, or the optical-activity phosphine ligand whose at least one 
radical is an optical-activity radical may be used. 

[0022] General formula R1 R2 P-W-PR four R5 As an example of 2 seat phosphine ligand expressed, the 3rd 
class phosphine compound of 2 seat coordination, such as bis-diphenyl phosphino methane, bis-diphenyl 
phosphino ethane, bis-diphenyl phosphinopropane, bis-diphenyl phosphino butane, bisdimethyl phosphino ethane, 
and bisdimethyl phosphinopropane, etc. is illustrated as a suitable thing, furthermore, as an example of an 
optical-activity 2 seat phosphine ligand For example, BINAP:2 and 2 -screw - (diphenyl phosphino) -1,1- 
binaphthyl, And the BINAP derivative which has substituents, such as an alkyl group and an aryl group, in the 
naphthyl ring of BINAP, for example, the BINAP derivative which has 1-5 alkyl group substituents in the one 
benzene ring on the Lynn atom of H8 BINAP and BINAP — for example Tol-BINAP: 2 and 2-screw - (G p-tolyl 
phosphino) -1, 1'-binaphthyl, Xylyl-BINAP: The BINAP derivative which has a fluorine substituent in a 2, 2'- 
screw [bis(3, 5-dimethylphenyl) phosphino]-1, and 1'-binaphthyl pan, BICHEP: 2 and 2'-screw - (dicyclohexyl 
phosphino) -6, the 6'-dimethyl -1, a 1'-biphenyl, BPPFA: 1-[1* and 2-bis(diphenyl phosphino) ferro SENIRU] 
ethyl diamine, CHIRAPHOS: 2, 3-screw-(diphenyl phosphino) butane, CYCPHOS: 1-cyclohexyl -1, 2-screw- 
Cdiphenyl phosphino) ethane, DEGPHOS: The 1 -permutation -3, a 4-screw-(diphenyl phosphino) pyrrolidine 



DIOP: 2, 3-O-isopropylidene -2, 3-dihydroxy -1, 4-screw~(diphenyl phosphino) butane, DIPAMP: 1, 2~bis[(0- 
methoxypheny) phenyl phosphino] ethane, DuPHOS: (a permutation -1, 2-bis(phospho llano) benzene), 
NORPHOS:5, 6-screw-(diphenyl phosphino)-2-norbornene, PNNP:N, N'-screw-(diphenyl phosphino)-N, and N - 
bis[1-phenylethyl] ethylenediamine, PROPHOS: A 1, 2-screw-(diphenyl phosphino) propane, SKEWPHOS:2, and 
4-screw-(diphenyl phosphino) pentane etc. is mentioned. The phosphine ligand which can be used for this 
invention, of course is not limited to these at all. 

[0023] or [ that R6, R7, R8, R9, and R10 are the same in the amine ligand of the ruthenium complex expressed 
with a general formula (1), (2), (3), and (4) ] — or you may differ, the hydrocarbon group which may have a 
hydrogen atom or a substituent is shown, and Z shows the radical chosen from the hydrocarbon group which 
may have a substituent. Here, the hydrocarbon group which may have a substituent is above R1 , R2, R3 t and R4 
and R5. It may be chosen suitably [ from ] among the same things. 

[0024] General formula NR six R7R8 As a monoamine ligand expressed Monomethylamine, ethylamine, 
propylamine, a butylamine, pentylamine, Hexylamine, a cyclopentyl amine, cyclohexylamine, benzylamine, 
Dimethylamine, diethylamine, a dipropyl amine, a dihexyl amine, JISHIKURO pentylamine, dicyclohexylamine, 
dibenzylamine, Monoamine compounds, such as a diphenylamine, phenyl ethylamine, a piperidine, and a 
piperazine, are illustrated. Further as an optical-activity monoamine ligand Optical-activity monoamine 
compounds, such as optical-activity phenyl ethylamine, naphthyl ethylamine, cyclohexyl ethylamine, and 
cycloheptyl ethylenediamine, can be illustrated. 
[0025] Moreover, a degree type [0026] 
[Formula 13] 



[0027] It comes out and methylene diamine, ethylenediamine, 1, 2-diaminopropane, 1, 3-diaminopropane, 1,4- 
diaminobutane, 2, 3-diamino butane, 1, 2-cyclopentane diamine, 1, 2-cyclohexanediamine, N-methyl ethylene 
diamine, N, and N -dimethyl ethylenediamine, N and N, N'-trimethyl ethylenediamine, N and N, N', N'-tetramethyl 
ethylene diamine, o-phenylenediamine, p-phenylene diamine, etc. are illustrated as a diamine ligand expressed. 
Moreover, an optical-activity diamine compound can also be used. For example, optical activity 1, 2-diphenyl 
ethylenediamine, 1, 2-cyclohexanediamine, 1, 2-cycloheptane diamine, 2, 3-dimethyl butanediamine, The 1- 
methyl -2, 2-diphenyl ethylenediamine, the 1-isobutyl -2, 2-diphenyl ethylenediamine, The 1-isopropyl -2, 2- 
diphenyl ethylenediamine, the 1 -methyl -2, 2-JI (p-methoxypheny) ethylenediamine, The 1-isobutyl -2, 2-JI (p- 
methoxypheny) ethylenediamine, The 1-isopropyl -2, 2-JI (p-methoxypheny) ethylenediamine. The 1 -benzyl -2, 
2-JI (p-methoxypheny) ethylenediamine, Optical-activity diamine compounds, such as the 1 -methyl -2, 2- 
dinaphthyl ethylenediamine, the 1-isobutyl -2, 2-dinaphthyl ethylenediamine, the 1-isopropyl -2, and 2- 
dinaphthyl ethylenediamine, can be illustrated. 

[0028] The optical-activity diamine compound which can furthermore be used cannot be restricted to the 
illustrated optical-activity ethylenediamine derivative, and can use optical activity propanediamine, 
butanediamine, a phenylenediamine, a cyclohexanediamine derivative, etc. composition of the ruthenium complex 
expressed with a general formula (1), (2), (3), and (4) — a phosphine ligand and an amine ligand — order — or it 
is compoundable by reacting with the ruthenium complex which is the order of reverse or is a raw material 
simultaneously. 

[0029] The complex of a high valence can be used for zerovalency, univalent, divalent, trivalent, and a pan at the 
ruthenium complex which is the starting material for complex composition. When a zerovalent and univalent 
ruthenium complex is used, oxidation of a ruthenium is required by the culmination. When a divalent complex is 
used, it is the order of sequential or reverse, or a ruthenium complex, a phosphine ligand, and an amine ligand 
can be compounded by reacting simultaneously. When the ruthenium complex more than trivalent and 
tetravalence is used for a start raw material, reduction of a ruthenium atom is required by the culmination. 
[0030] As a ruthenium complex used as a start raw material, it is ruthenium chloride (III). Hydrate, bromination — 
ruthenium (III) A hydrate and iodation ruthenium (III) inorganic ruthenium compounds, such as a hydrate, — [2 
Ruthenium chloride (norbornadiene)] Coenocyte, [2 ruthenium chloride (cyclo-octadiene)] coenocyte, The 
ruthenium compound which dienes, such as bis(methyl allyl compound) ruthenium cyclo-octadiene, configurated, 
[2 Ruthenium chloride (benzene)] A dikaryon, [2 ruthenium chloride (p-cymene)] dikaryon, [2 Ruthenium chloride 
(trimethyl benzene)] The ruthenium complex which aromatic compounds, such as a dikaryon and [2 ruthenium 
chloride (hexamethylbenzene)] dikaryon, configurated, Moreover, the complex which phosphines, such as a cyclo 
ROTORISU (triphenyl phosphine) ruthenium, configurated is used. Furthermore, it is [chloro ruthenium (BINAP)] 
(benzene) chloride (a cationic ruthenium complex (J.Org.Chem., and [59, 3064] (1994)) and anionic complexes, 
such as chloro ruthenium (BINAP) (p-cymene)] chloride, can also be used.) besides the above-mentioned neutral 
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ruthenium complex, In addition, if it is the ruthenium complex which has a phosphine ligand, an amine ligand and 
a replaceable ligand, it will not be limited especially above. For example seven 

COMPREHENSIVEORGANOMETALLIC CHEMISTRY II The various ruthenium complexes shown in 294 - 296 
pages (PERGAMON) can be used as a start raw material. 

[0031] When using a trivalent ruthenium complex as a start raw material, it is ruthenium halide (III). By reacting 
with a superfluous phosphine, a phosphine-ruthenium halide complex is compoundable. Subsequently the amine- 
phosphine-ruthenium halide complex which targets the obtained phosphine-ruthenium halide complex by reacting 
with an amine can be obtained. For example, about this composition, only an example has description in 
reference (J. Mol.Cat., 15,297 (1982)). 

[0032] RuCI2 3 [ namely, ] compounded by the approach of Inorg.Synth. and voM 2,237 (1970) publication (PPh3) 
It is made to react with ethylenediamine among benzene, and is RuCI2 2 (PPh3). (en) is obtained (however there 
is no publication of yield). However, by this approach, the system of reaction is a heterogeneous system and the 
inclination for an unreacted raw material to remain is seen. On the other hand, in changing a reaction solvent intc 
solvents, such as a methylene chloride and chloroform, it can react in the state of homogeneity, and operability 
improves. 

[0033] The reaction of ruthenium halide and a phosphine ligand Aliphatic hydrocarbon solvents, such as aromatic 
hydrocarbon solvents, such as toluene and a xylene, a pentane, and a hexane. Ether system solvents, such as 
ha ogen content hydrocarbon solvents, such as a methylene chloride, the ether, and a tetrahydrofuran, Alcoholic 
solvent, such as a methanol, ethanol, 2-propanol, a butanol, and benzyl alcohol, It is carried out among 200 
degrees C from the reaction temperature of -100 degrees C among the organic solvent containing hetero atoms 
such as an acetonitrile. DMF, N-methyl pyrrolidone, and DMSO. and a phosphine-ruthenium halide complex can ' 
be obtained. 

[0034] The reaction of the phosphine-ruthenium halide complex and amine ligand which were obtained Aliphatic 
hydrocarbon solvents, such as aromatic hydrocarbon solvents, such as toluene and a xylene, a pentane, and a 
hexane. Ether system solvents, such as halogen content hydrocarbon solvents, such as a methylene chloride the 
ether, and a tetrahydrofuran, Alcoholic solvent, such as a methanol, ethanol, 2-propanol. a butanol, and benzyl 
alcohol, Among the organic solvent containing hetero atoms, such as an acetonitrile, DMF, N-methyl pyrrolidone 
and DMSO, it is carried out among 200 degrees C from the reaction temperature of -100 degrees C, and an 
amine-phosphine-ruthenium halide complex can be obtained. 

[0035] Furthermore, an amine-phosphine-ruthenium hydride complex can be obtained by hydrogenating the 
obtained amine-phosphine-ruthenium halide complex in hydrogenation or a hydrogen migration mold reduction 
reaction condition. An amine-phosphine-ruthenium halide complex For example, toluene. Aliphatic hydrocarbon 
solvents, such as aromatic hydrocarbon solvents, such as a xylene, a pentane. and a hexane, Ether system 
solvents, such as halogen content hydrocarbon solvents, such as a methylene chloride, the ether and a 
tetrahydrofuran. Alcoholic solvent, such as a methanol, ethanol, 2-propanol, a butanol. and benzyl alcohol Among 
200 degrees C from the reaction temperature of -100 degrees C among the organic solvent containing hetero 
atoms, such as an acetonitrile, DMF, N-methyl pyrrolidone, and DMSO Metal hydrides, such as hydrogen a 
sodium borohydride, and lithium hydride aluminum, methyl bromide magnesium, ethyl-bromide magnesium and 
bromination — organometallic compounds, such as propyl magnesium, methyl lithium, an ethyl lithium, and a 
propyl lithium, — Or KOH, KOCH3, KOCH (CH3)2. and KC10H8. LiOH. LiOCH3, and LiOCH (CH3)2 etc — an 
amine-phosphine-ruthenium hydride complex can be obtained at reacting with the salt of alkali and alkaline earth 
metal, or quarternary ammonium salt. 

[0036] Moreover, first, after changing a phosphine-ruthenium halide complex into a phosphine-ruthenium hydride 
complex, it can react with an amine and an amine-phosphine-ruthenium halide complex can be obtained For 
example. RuCI2 3 (PPh3) RuH2 3 (PPh3) It reacts after conversion and with en and is RuH2. 3 (PPh3) It can 
obtain. A phosphine-ruthenium halide complex Aromatic hydrocarbon solvents, such as toluene and a xylene 
Halogen content hydrocarbon solvents, such as aliphatic hydrocarbon solvents, such as a pentane and a hexane 
and a methylene chloride, Ether system solvents, such as the ether and a tetrahydrofuran. a methanol, Alcoholic 
solvent, such as ethanol, 2-propanol, a butanol. and benzyl alcohol. Among 200 degrees C from the reaction 
temperature of -100 degrees C among the organic solvent containing hetero atoms, such as an acetonitrile 
DMF N-methyl pyrrolidone. and DMSO Metal hydrides, such as hydrogen, a sodium borohydride, and lithium 
hydr.de aluminum, methyl bromide magnesium, ethyl-bromide magnesium, and bromination — organometallic 
^ n ^?/« dS \ SUch aS pr ° Pyl ma e nesium ' methyl lithium, an ethyl lithium, and a propyl lithium, — Or KOH KOCH3 
KOCH (CH3)2, and KC10H8. LiOH. LiOCH3. and LiOCH (CH3)2 etc. - a phosphine-ruthenium hydride complex ' 
rnr?Q7? gained at reactir, g wf th the salt of alkali and alkaline earth metal, or quarternary ammonium salt. 
LULM7J The reaction of the obtained phosphine-ruthenium hydride complex and an amine ligand Aliphatic 
hydrocarbon solvents, such as aromatic hydrocarbon solvents, such as toluene and a xylene, a pentane and a 
hexane, Ether system solvents, such as halogen content hydrocarbon solvents, such as a methylene chloride the 
ether, and a tetrahydrofuran. Alcoholic solvent, such as a methanol, ethanol, 2-propanol, a butanol, and benzyl 
alcohol. It is carried out among 200 degrees C from the reaction temperature of -100 degrees C among the 



organic solvent containing hetero atoms, such as an acetonitrile, DMF, N-methyl pyrrolidone, and DMSO, and an 
amine-phosphine-ruthenium hydride complex can be obtained. 

[0038] On the other hand, the approach of being the order of sequential or reverse or reacting this, and a 
phosphine ligand and an amine ligand simultaneously using a divalent ruthenium complex, is also used from the 
beginning. As an example, [ruthenium chloride (norbornadiene)] coenocyte, [2 ruthenium chloride (cyclo- 
octadiene)] coenocyte, [ 2 ] The ruthenium compound which dienes, such as a bis(methyl allyl compound) 
ruthenium (cyclo-octadiene), configurated, Or [ruthenium chloride (benzene)] dikaryon, [2 ruthenium chloride (p- 
cymene)] dikaryon. [ 2 ] [2 Ruthenium chloride (trimethyl benzene)] The ruthenium complex which aromatic 
compounds, such as a dikaryon and [2 ruthenium chloride (hexamethylbenzene)] dikaryon, configurated, 
Moreover, the complex which phosphines, such as a dichloro tris (triphenyl phosphine) ruthenium, configurated 
Aliphatic hydrocarbon solvents, such as aromatic hydrocarbon solvents, such as toluene and a xylene, a pentane, 
and a hexane, Ether system solvents, such as halogen content hydrocarbon solvents, such as a methylene 
chloride, the ether, and a tetrahydrofuran, Alcoholic solvent, such as a methanol, ethanol, 2-propanol, a butanol, 
and benzyl alcohol, It can react with a phosphine ligand among 200 degrees C from the reaction temperature of - 
100 degrees C among the organic solvent containing hetero atoms, such as an acetonitrile, DMF, N-methyl 
pyrrolidone, and DMSO, and a phosphine-ruthenium halide complex can be obtained. 
[0039] The reaction of the obtained phosphine-ruthenium halide complex and an amine ligand Aliphatic 
hydrocarbon solvents, such as aromatic hydrocarbon solvents, such as toluene and a xylene, a pentane, and a 
hexane, Ether system solvents, such as halogen content hydrocarbon solvents, such as a methylene chloride, the 
ether, and a tetrahydrofuran, Alcoholic solvent, such as a methanol, ethanol, 2-propanol, a butanol, and benzyl 
alcohol, It can react among 200 degrees C from the reaction temperature of -100 degrees C among the organic 
solvent containing hetero atoms, such as an acetonitrile, DMF, N-methyl pyrrolidone, and DMSO, and an amine- 
phosphine-ruthenium halide complex can be obtained. Moreover, on the same conditions, cationic ruthenium 
complexes, such as [chloro ruthenium (BINAP)] (benzene) chloride, can be made to be able to react with an 
amine ligand, and an amine-phosphine-ruthenium halide complex can be obtained. 

[0040] The obtained amine-phosphine-ruthenium halide complex is convertible for an amine-phosphine- 
ruthenium hydride complex like the aforementioned approach, for example, the carbonyl compound which is a 
reaction substrate although the amount used changes with a reaction container or profitability when using the 
ruthenium complex expressed with the general formula (1) compounded as mentioned above, (2), (3), and (4) as a 
hydrogenation catalyst — receiving — 1 / 100 - 1/1,000,000 — it can use — desirable — the range of 1 / 500 

- 1/100,000 — ** — it carries out. Without adding a base, when X and Y are hydrogen, after mixing with a 
carbonyl compound, the ruthenium complex expressed with a general formula (1), (2), (3), and (4) pours hydrogen 
pressure, or stirs it under existence of a hydrogen donor. Thereby, a carbonyl compound can be hydrogenated. It 
may be more desirable to develop a base, when a carbonyl compound is used for an overlarge to a catalyst. It is 
also effective to hydrogenate a carbonyl compound under base existence on the other hand, by pouring hydrogen 
pressure or stirring under existence of a hydrogen supply agent after mixing with a carbonyl compound, when X 
and Y are radicals other than hydrogen. 

[0041] 0.5 - 100Eq of amounts of the base to add is 2 - 40Eq preferably to an amine-phosphine-ruthenium 
complex, as the class of base — KOH, KOCH3, KOCH (CH3)2, KC10H8, LiOH, LiOCH3, and LiOCH (CH3)2 etc. - 

- a salt or quaternary ammonium salt of alkali and alkaline earth metal etc. is used, moreover, the thing which 
will be limited to a base if an amine-phosphine ruthenium hydride object is generated — there is nothing — for 
example, metal hydrides, such as hydrogen, a sodium borohydride, and lithium hydride aluminum, methyl bromide 
magnesium, ethyl-bromide magnesium, and bromination — organometallic compounds, such as propyl magnesium, 
methyl lithium, an ethyl lithium, and a propyl lithium, can also be used. 

[0042] As a solvent, if a reaction raw material and a catalyst system are solubilized, a proper thing can be used. 
The organic solvent which contains hetero atoms, such as alcoholic solvent, such as ether system solvents, such 
as halogen content hydrocarbon solvents, such as aliphatic hydrocarbon solvents, such as aromatic hydrocarbon 
solvents, such as toluene and a xylene, a pentane, and a hexane, and a methylene chloride, the ether, and a 
tetrahydrofuran, a methanol, ethanol, 2-propanol, a butanol, and benzyl alcohol, an acetonitrile, DMF, N-methyl 
pyrrolidone, and DMSO, as an example can be used. Since a resultant is an alcoholic compound, alcoholic solvent 
is also more suitable. When it is hard to solubilize a reaction substrate to a solvent, it can choose from the 
above-mentioned solvent and can use as a mixed solvent. The amount of a solvent is judged according to the 
solubility and profitability of a reaction substrate. For example, as for substrate concentration, in the case of 2- 
propanol, it is desirable to be able to react in the condition near a non-solvent from 1% or less of low 
concentration depending on a substrate, and to usually use at 20 - 50 % of the weight. 

[0043] And although it is the range of one to 200 atmospheric pressure as taking profitability into consideration 
although one atmospheric pressure is enough as the pressure of the hydrogen in this invention since this 
catalyst system is high activity very much and the range of three to 100 atmospheric pressure is preferably 
desirable, it is also possible to maintain at least 50 or less atmospheric pressures of high activity in consideration 
of the profitability of the whole process. Although it is desirable to carry out at 15 to 100 degrees C in 



consideration of profitability as for reaction temperature, it can also react 25-40 degrees C near a room 
temperature. However, in invention, it is also as a description even in -30-0-degree C low temperature that a 
reaction advances. Although reaction time changes with reaction conditions, such as reaction substrate 
concentration, temperature, and a pressure, a reaction will be completed from several minutes in one day. It 
illustrates concretely in the example. 

[0044] A reaction format can carry out the hydrogenation reaction of the carbonyl compound in this invention 
also in continuous system also in a batch type. An example is shown below and the approach of this invention is 
explained in more detail. Of course, this invention is not limited by the following examples. In addition, in the 
following example, all reactions were performed under inert gas ambient atmospheres, such as argon gas or 
nitrogen gas. Moreover, what dried the solvent used for the reaction and was deaerated was used. The reaction 
of a carbonyl compound of hydrogenation was performed by pressurizing hydrogen among the autoclave 
[0045] 

[Example] 18 example 1 experimental-science lectures A 261 pages ( Maruzen Co., Ltd. issuance edited by the 
Chemical Society of Japan) approach is followed, and it is RuCI2 3 (PPh3). It compounded. The inside of a 
methylene chloride, and RuCI2(PPh3) 3 Ethylenediamine (en and brief sketch) is made to react and it is RuCI2 2 
(PPh3). (en) was obtained. Subsequently RuCI22(PPh3) (en), (225mg, 0.30mmol), KOt-Bu (66mg, 0.59mmol), 2- 
propanol 5ml, and toluene 5ml were taught to 50ml SHURENKU which carried out the argon permutation 63% of 
yield. After deaeration, it stirred, and ranked second and condensed for 2 hours. After filtering an extract and a 
toluene layer by toluene 10ml, it condensed and 53mg of compounds of the Orange-red was obtained. This 
compound consists of two sorts of isomers, and each H-NMR and 31 P-NMR spectrum are as follows. Each is 
dihydrido complex RuH2 2 (PPh3). It was the structural isomer of (en). 

Isomer 1: H-NMR delta-15.81 (dt,Hz [ J= 5.8 ], 23.9Hz) (C6 D6), - 6.22 (ddd, J= 5.9Hz, 33.7Hz 8 7Hz) 1 35 1 49 
1.54, 1.78, 2.02, 2.36, 6.96, 7.05. 7.7631 P-NMR(C6 D6) delta56.4, 57.7, and 84.2 isomers 1 It was presumed that it 
is a cis-dihydrido-cis-bis(triphenyl phosphine) (ethylenediamine) ruthenium. 

Isomer 2: H-NMR delta-18.36 (t, J= 26.9Hz) (C6 D6), 1. 35, 1.50, 1.75, 2.00, 2.30, 7.03, 7.15, 8.08, and the 31 P- 
NMR(C6 D6) delta66 or 6 ppm isomer 2 From the result of X-ray structural analysis, it was checked that it is a 
cis-dihydrido-trans-bis(triphenyl phosphine) (ethylenediamine) ruthenium. 

the approach of example 20rg.Synth., 71, and 1 (1993) — following — [RuCI2 (S)-Binap] (dmf) n (dmf is the 
abbreviation for dimethylformamide.) It compounded. 

[0046] subsequently, 100ml SHURENKU which carried out the argon permutation — [RuCI2 (S)-Binap] (dmf) n 
(524mg, 0.52mmol) (S, S)-diphenyl ethylenediamine (it is hereafter written as DPEN) (0.1 17mg, 0.55mmol) and 
dimethylformamide 1 5ml was taught. It stirred at the room temperature after deaeration overnight. - Cool at 50 
degrees C, ****** the depositing solid-state from toluene/hexane, and it is (S)-Binap. RuCI2-(S, S) DPEN 
361mg was obtained. 

[0047] As for this compound, the singlet was observed by 47.4 ppm on P31-NMR (C6 D6). 
To 50ml SHURENKU which carried out the example 3 argon permutation, it is (S)-Binap. RuCI2-(S, S) DPEN 
(229mg, 0.227mmol), KOt-Bu (80mg, 0.713mmol), 2-propanol 10ml, and toluene 10ml were taught. After 
deaeration, it stirred, and ranked second and condensed overnight. After filtering an extract and a solution layer 
by toluene 20ml, it condensed and 1 30mg of compounds of dark red was obtained. This powder gave the signal 
which belongs to a hydride to -1 1.9 ppm - 12.6 ppm and -15.3 ppm on H-NMR (C6 D6). 

Except having changed into Example [RuCI2 (S)-Binap] (dmf) 4 n, having changed [RuCI2 (R)-Binap] (dmf) n into 
(S, S)-DPEN, and having used -(R, R) DPEN, it reacts like an example 2 and is (R)-Binap. 350mg of RuCI2-(R R) 
DEPN(s) was obtained. 

[0048] As for this compound, the singlet was observed by 47.4 ppm on P31-NMR (C6 D6). 
To 50ml SHURENKU which carried out the example 5 argon permutation, it is (R)-Binap. RuCI2-(R, R) DPEN 
(300mg, 0.298mmol), KOt-Bu (85mg, 0.745mmol), 2-propanol 10ml, and toluene 10ml were taught. After 
deaeration, it stirred, and ranked second and condensed overnight. After filtering an extract and a solution layer 
by toluene 20ml, it condensed and 100mg of compounds of dark red was obtained. 

Except having changed into example 6(S, S)-DPEN, and having used -(R, R) DPEN, it reacts like an example 2 
and is (S)-Binap. RuCI2-(R, R) DPEN320mg was obtained. 

[0049] H-NMR(C6 D6) delta 3.03 (d, 2H), 4.40 (m, 2H), 4.70 (m, 2H), 6.4-7.7 (m), 7.43, 7.72, 8.20, and 8. — 47 and 
8.70 — as for this compound, the singlet was observed by 46.9 ppm on P31-NMR (C6 D6). 
To 50ml SHURENKU which carried out the example 7 argon permutation, it is (S)-Binap. RuCI2-(R, R) DPEN 
(381 mg, 0.378mmol), KOt-Bu (112mg, 0.998mmol), 2-propanol 10ml, and toluene 30ml were taught. After 
deaeration, it stirred, and ranked second and condensed overnight. Hexane After filtering an extract and a 
solution layer by ml and toluene 60ml, it condensed and 190mg of compounds of dark red was obtained. This 
compound gave the signal which belongs to a hydride to -14.2 ppm - 14.5 ppm and -19.0 ppm on H-NMR (C6 
D6). 

Example [RuCI2 (S)-Binap] (dmf) 8 n — changing — [RuCI2 (R)-tol-Binap] (dmf) n — moreover, except for 
having changed into (S, S)-DPEN and having used -(R, R) DPEN — an example 2 — the same — a reaction — 



carrying out — (R)-tol-Binap 360mg of RuCI2-(R, R) DPEN(s) was obtained. 

[0050] H-NMR(C6 D6) delta0.54, 1.69, 1.86, 3.30, 3.46, 4.55, 6.39, 6.72, 6.96, 7.40, 7.75, 8.37, 8.67, and 8. — 77 

and 31 — this complex from X-ray structural analysis P (C6 D6)delta46.21 ppm It is the target complex and it 

was checked that it is the structure which the chlorine radical configurated to the transformer. 

Except having changed into Example [RuCI2 (S)-Binap] (dmf) 9 n, and having used [RuCI2 (R)-tol-Binap] (dmf) n f 

it reacts like an example 2 and is (R)-tol-Binap. RuCI2-(S, S) DPEN 370mg was obtained. 

[0051] H-NMR(C6 D6) delta — 0.47, 1.69, 1.80, 3.10, 4.40, 6.44, 6.62, 6.74, 6.93, 7.38, 7.72, 8.09, 8.44, 8.53, and 

31P(C6 D6) delta45.51 — this complex from X-ray structural analysis It is the target complex and it was 

checked that it is the structure which the chlorine radical configurated to the transformer. 

According to example 10J.Chem.Soc, Chem.Commun., and the approach of 992 (1985), [RuCI2 (COD)] n (COD is 
the abbreviation for 1 and 5-cyclo-octadiene.) and (S)-Binap were made to react, and the toluene solution of 
[(S)-Binap] 2 Ru2 CI4 and Et3 N was obtained. It used for the next reaction as it is, without refining this. 
[0052] That is, it is the toluene solution of [(S)-Binap] 2 Ru2 CI4 and Et3 N in 200ml SHURENKU which carried 
out the argon permutation. 80ml (1.98mmol) was taught and -(R, R) DPEN (462mg, 2.718mmol) dissolved in this 
at toluene 10ml was added. After stirring at 80 degrees C for 2 hours, it cooled to the room temperature. It 
recrystallizes [ hexane / toluene/] after concentration, and is (S)-Binap. RuCI2-(R, R) DPEN 1200mg was 
obtained. 

[0053] H-NMR and P-NMR were in agreement with the spectrum of the complex obtained in the example 6. 
Example 11RuCI2 2 (PPh3) (en), (7.6mg, 0.01 mmol), KOH (0.02mmol), and an acetophenone (60mg, 5.0mmol) were 
dissolved in 3ml 2-propanol, after deaerating and carrying out an argon permutation and moving the whole 
quantity to a 100ml glass autoclave, hydrogen was taught to place constant pressure (three atmospheric 
pressures), and the reaction was started. Reaction mixture was returned after stirring for 30 minutes, and 
reaction pressure was returned to ordinary pressure. The gas chromatography and NMR of reaction mixture 
performed the identification and the quantum of phenethyl alcohol which are a product. All reaction substrates 
were consumed and the yield of a product was 99% or more. 

Example 12RuH2 2 (PPh3) (en), (17.2mg, 0.025mmol), and an acetophenone (600mg, 5.0mmol) were dissolved in 
3ml 2-propanol, after deaerating and carrying out an argon permutation and moving the whole quantity to a 
100ml glass autoclave, hydrogen was taught to place constant pressure (three atmospheric pressures), and the 
reaction was started. Reaction mixture was returned after stirring for 30 minutes, reaction pressure was 
returned to ordinary pressure, and the gas chromatography and NMR of reaction mixture performed the 
identification and the quantum of phenethyl alcohol which are a product. All reaction substrates were consumed 
and the yield of a product was 99% or more. 

Example 13(S)-Binap RuCI2-(S, S) DPEN (12.2mg, 0.0121mmol) and KO-t-Bu (11.5mg, 0.102mmol) were 
dissolved in 5ml 2-propanol, and after carrying out a deaeration argon permutation, the whole quantity was 
moved to the 100ml glass autoclave. After stirring for 30 minutes, the acetophenone (600mg, 5.0mmol) which 
dissolved in 2-propanol 5ml was added, after deaeration, hydrogen was taught to place constant pressure (three 
atmospheric pressures), and the reaction was started. Reaction mixture was returned after stirring for 50 
minutes, reaction pressure was returned to ordinary pressure, and the gas chromatography and NMR of reaction 
mixture performed the identification and the quantum of phenethyl alcohol which are a product. All reaction 
substrates were consumed and the yield of a product was 99% or more. Moreover, (R)-object was generating 
obtained phenethyl ARUKORU by ee 81.7% from analysis of the product using an optical-activity column. 
(S)-Binap obtained in the example 14 example 3 After having made it dissolve in 3ml 2-propanol, deaerating 
RuH2-(S, S) DPEN (25.9mg, 0.0276mmol) and an acetophenone (600mg, S.Ommol), carrying out an argon 
permutation and moving the whole quantity to a 100ml glass autoclave, hydrogen was taught to place constant 
pressure (three atmospheric pressures), and the reaction was started. Reaction mixture was returned after 
stirring for 40 minutes, and reaction pressure was returned to ordinary pressure. The gas chromatography and 
NMR of reaction mixture performed the identification and the quantum of phenethyl alcohol which are a product. 
All reaction substrates were consumed and the yield of a product was 99% or more. Moreover, (R)-object was 
generating the obtained phenethyl alcohol by ee 81.3% from analysis of the product using an optical-activity 
column. 

(R)-Binap obtained in the example 15 example 5 After having made it dissolve in 35ml 2-propanol, deaerating 
RuH2-(R, R) DPEN (23.0mg, 0.0245mmol), KO-t-Bu (82mg, 0.73mmol), and an acetophenone (16.86g, 0.140 mols), 
carrying out an argon permutation and moving the whole quantity to a 200ml glass autoclave, hydrogen was 
taught to place constant pressure (three atmospheric pressures), and the reaction was started. Hydrogen was 
supplied so that hydrogen pressure might always turn into three atmospheric pressure. After stirring reaction 
mixture on the 1st, reaction pressure was returned to ordinary pressure. The gas chromatography and NMR of 
reaction mixture performed the identification and the quantum of phenethyl alcohol which are a product. All 
reaction substrates were consumed and the yield of a product was 99% or more. Moreover, (S)-object was 
generating the obtained phenethyl alcohol by ee 83.3% from analysis of the product using an optical-activity 
column. 



[0054] 

[Effect of the Invention] An alcoholic compound can be obtained with high yield and high selectivity by making 
the ruthenium complex of invention of this application into a catalyst as explained in detail above. Especially, by 
the approach of this invention, it is efficient and an optical-activity alcoholic compound can be obtained. 
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^^«-&fc«, fc£*:frJ, /Nny><fc;i/^-^A(iii) 

3, Z (D&tfL ICO l>Ttt--« jEttXjR (J . Mol . C 

at. , 1 5, 297 (1982) ) tCfei££*&£ 0 
[0 0 3 2] t^M, Inorg. Synth. ,vol 1 2, 237 
( 1 9 7 0) ia*0)>&i£JCctO^J«.Stl&RuC 1 
2 (PPh 3 ) 3 6, ^>-tf>4«. X^lx>>?7^>£ 
5*63 RuC 1 z (PPh 3 ) 2 (en) «b 

[0 0 3 3] /\ny>ft;U^x^Ai:^X-7^ >BB&^ 
-;k x*/-;k 2-7urt/—)V* 79/— )V. "< so 
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>is)VT)Vzi-)Vt^E(DT)Vzi-)V^mm. Til hx h 
l J;k DMF, N-^f;HfPUK>, DMSOft^ 

0 or^PBlTfffctl, *X7^>-^fz>5AA7^H 

[0 0 3 4] S^nfc$X7>f >-JI/f-OAA7^f K 

^#£y^>ffi{£^<t<7)Rj£;{;t* h;kt>, +yi/>ft 

x— ^;k T^h^t KP77>&<!:(/)i- 
T-^iSttL *9/ — ;k x^/— ;k 2-7unj— 
;k 79/— )V. ^>> ? ;i/T;i/ri--;i/^:<i:c7)T;uri-;u 

^jg*8L 7th-hUJk DMF, N-^fJUfD'JH 
>, DMSO»4f'\7 i PlR^*^trW**«IE*, RJSfi 

m- 1 0 otc**&2 0 ox;<DmT*?TtitiTzL>-*xy 

[0 0 3 5] ££tC, m^tltcT^ >-ftX7j >-)l 

T^>-3}xX^-r >-/l/^x^A/\^-f KiS 
h;ux>, *->U->a:i:©»#«Kfl:**»«t, 

^u>te£<D/\u7>^mmt*mmm. x-^k ^ 

h7tKD77>6 «!:(Dx-f^«i6*, * ^ / -71/, 
x^y— ;k 2-yn/v-ik 79/— ;k ^>>>;u 
T)Vzi— )Vtz£(DT)lzi— Jl^mm, Tir Kx h 
DMF, N-^UfpiJKX DMSO^cif^T^n® 

T^^tPW«H§«*, sisaflE- i o o'ca^ 2 o ox: 

i±7)v^-oi±m<D<§tmfcm<um+ ^it^^jv^^^is 
oi±. 0kit^)\s-7 7*is<y&, 9kVc7u\L)\,^y*is 
^A, x^;i/U^r>A, ^nbf^'j^ 

^A#<Z)#**«ft:'&«l*fctt. koh, koch 3 . 
KOCH (CH3 ) 2 , KC10 Hg , L i OH, L i O 

CH 3 , LiocH (CH 3 ) 2 «©7\ik&u, t;u^ 

Z>Z£T\ T^>-&Xyj >-;i/f-^At KU Kip 

[0 0 3 6] Sfe, SSJfc, zhx^^ >-;u^x^aa 
7< W7^>-Ji,f-^AtK'Jhmi: 
7^><!:^bT7^>-^X7^>-;i/ 
f^AA7<FJSMiH:^i?^,, *t£x.tf, 
RuCl 2 (PPh 3 ) 3 RuH 2 (PPh 3 ) 3 
fC^«£«, e n<hR|ieLRuH2 (en) (PPh 3 ) 
3 ^X7^/-j^A/\7^f 
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-;k x^y-;k 2-7un/—)V. 79 /-)l. ^ 

UJk DMF, N-*^;i/t: 0 P'J K>, DMSOft^ 

ooroor^T, *3£, TK^fb^S'^MJ^A, *^{b 

V^sOK. Afbx^l^^v^A, 9kitzfu\Z)V-? 
^*>"}a, *^;i/'j^A, x^juu^a, ypf 

iU'J^^A^^W^Sft^^/t^, KOH, KOC 
Ha . KOCH (CH 3 ) i , KCio Hs , L i OH, 10 
L i OCHa , L i OCH (CH 3 ) 2 ?07WJ, 
7 ;U U ±8J& m <0*& Z> ^ tt 4 « 7 > ^ X r> AJ£^ £ 

CO 0 3 7] i^n^X7^ >-^fzr)At KU F 

^RSSttL **y— ;k x^y— ;k 2-;/n/\y — 2 o 
;k 79/ — ;k ^>->*;U7;uzF--;i/^:i:co7;uri— ;u 

7-fehxMJ;k DMF, N-^WUfP'JF 

a- i o or^e 2 o or^Tfif^n, 7^ >-^x 

7>f>-;Pr^AtPJ KgM^ci:^f^ B 
[0 0 3 8] g?U^£2ffi<£;i^X^Aig#£J3 

€>tl£o ^jibT, (2*&fb;i^x^A {/)V#)V± 
vx» ] ^M£#, (2ffi{b;i^xr>A (s^p*^ 30 
vx» ] *«f»\ ex (/^7U;w ;^x^a 

Afb^%, sta, C2J£<t;^x^A (^>±r» ] 

C2^b;i/^x^7A (p-y^» ) 

C2^ft:;i/^x^A (MJ/^;K>^» ] 
[2^fb;PT-xO'A (^*tf*?-;i^>-tf>) ] 
^^^#«{k^^iaffiLfc;u^x«i7A^. ^ 

^DDMJ7 (h'J7x-WX7>{» ;i/^X^AH 
©*X7>f>*EfiLfta*S, MUX +yl/>ft 

itfrMfem. x-t-;u, fh7bKP77>^(i:(7)x- 
t-^JSML *9J— ;k x^y—;k 2 -7uny— 
;k 79/— 1>zf)V7 )VZi—)\,tzE<D7 

7-trhxMj;k DMF, N-/fJ^nUH 

1 0 0t^6 2 0 OT^PhIT, *X:7^>ga{£T£ 
CO 0 3 9] t#S*lfc*X:7-< >-;i/7=-X^A/N^-T K so 
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Tummm* x-^;k fh7tKP77>&^x-f 
;u*»ttL *^y-;k x^y-;k 2-^p/^y- 
;k 79 /-)v. ^>y;P7;^-M£w7;^-^ 

7-fehxh>j;k DMF, N-y^UfcfP U K 

m- 1 0 OtA^ 2 0 O'CcoraTKJ&U 7^>-*X 
7^ >-^rX7AA7< K8f#&#£C 

W«0)*fr-C, (^PP^fz^A (BINA 
P) (^>tf» ) ^nHKW^tytt;^ 

CO 0 4 0] f#btl/!:7^>-^X^^ >-;U^X^A 

x>^ >-;u^x^At ku F«#k:*«-r*££**T 

(1) (2) (3) (4) TSSn5^fX-5A»#S 

ftlCjtiLTl/1 0 0-1/1, 0 0 0, OOOffl^ 
CiOT^, WJKfil/5 0 0- 1/1 0 0, 0 0 
O^IBHT^f £0 — jRSC (1) (2) (3) (4) T 
^<*n*;i^X^Al£ttfct, X, Y^**^»-&tt. * 

ttttEtc^UT*;u^x;i/fb^«iSr*:ia*JJc 
S?¥ffiT> #;i^x;Mb^»i:ig^g, 

CO 0 4 1 ] »SDTS*S<DStt, 7^>-4^X^^> 

-)i,T-OASsmz*ti,. 0. 5-ioom !fSl 
2-4 0^iT^. *ascoa*tbTtt, KO 

H, KOCH3 , KOCH (CH3 ) 2 , KCioHs , 
L i OH, L i OCH3 , L i OCH (CH3 ) 2 

U^7A, 7K^<bU^^A7;U^X^A^<7)^Jl7K^b 

tf, Afby^^i/T^^^A, ^fbx^;i/T^v^ 
A, Myne^v^y^A, ^^;uu^^a, X^ 

co 04 2] ^^tLTti, je«r», Mm&z*imit 
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7 )Vz\-)\,t*ii<D7 )V^-)VJkmm. 7-t hzh lUk 
DMF, N-^Wt'P'Jh^, DMSOfcCdi^fPlI 

HiE^^«SB"eS*tfT5Ct^T*, 9*MU 2 0-5 

[0 04 3] fit, £<D3BWfc:*tt***<offiatt. 

«»tt*#«T5t 1-2 0 O8E0«iT, 
tTtL<li3-l 0 0«E(DlBH#aSU^ -fu-i* 
X£*©«»tt*#*LT5 OMJEEKT-rfeWlfiffitt* 

T 1 5 1 0 O'CTff 25- 

fc\ jgwcts^Ttt, - 3 o — ox:<D{&m'C*>fcfc&m 

ff-ract*»«tLTt>^*. EJ&ffmttKJKSJta 
[0 0 4 4] cnmwtz&V&Jjfrtf-Mk&tocDykm 

[0 0 4 5] 

rami] gMgy 

#«sc^a«ff) ©#j*ic«n, Ruciz (pp 

h 3 ) 3 Z&f&LtCo mtt^Uy*. RUC 1 2 (P 

Ph 3 ) 3 tXfl/>y7^> (eniBE) ^KfeZ 
■&T, RuClz (PPh 3 ) z (en) 
6 3 % 

#^T\ 7^r*>S&Lfc5 0m 1 yal/>^C, Ru 
C 1 2 (PPh 3 ) 2 (en) (2 2 5mg, 0. 30 
mmo 1 ) , KOt-Bu (66mg, 0. 5 9 mm o 
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I), 2-7 r P/V-;l/5ml , h;l/X> 5m I ^rttiA 

>10m!Tm MUx>IBS»flLfc8t AfffU 
^u^-^fctfMt^fti 5 3mg£t# fc. ccoffc^Wl 

2Ha)M«:f*:A^&0. ftlfn^H-NMR, 3 1 P 
-NMRX^MUte, MT^^. **H?fttt, 
yth'UK8t#RuH 2 (PPh 3 )z (en)tf)#Si£ 

Sttfle 1 : H-NMR (Ce De ) 5-15. 81 (d 
10 t, J = 5. 8Hz, 23. 9Hz) . -6. 22 (d 
dd, J = 5. 9Hz, 33. 7Hz, 8. 7Hz). 

1. 3 5, 1. 4 9, 1. 5 4, 1. 7 8, 2. 0 2, 

2. 36, 6. 96, 7. 05, 7. 76 

31 P-NMR (Ce De) (5 5 6. 4, 57. 7, 8 
4. 2 

1 c i s-ytK'J K-c i s — tf X ( h U 

ti^ut^ *£Sftfc. 

Ktt#2 : H-NMR (Ce De ) 6-1 8. 3 6 
20 (t, J = 26. 9Hz), 1. 35, 1. 50, 1. 
7 5, 2. 0 0, 2. 3 0, 7. 0 3, 7. 1 5, 8. 
0 8, 

31 P-NMR (Ce De) 666, 6ppm 
Ste*2H X**ffiJKW<B»**>&. c i s-ytH 
UK— t rans - t:X (h'J7i-WX7^ » 

Org. Synth.. 7 1, 1 ( 1 9 9 3) O^&ldflEl*, CR 
30 uCl2 (S) -Binap) (dmf) n (dmf 

[0 0 4 6] #CV>T. 7;H*>«ifcLfcl 0 0m I ->:x 
U>2\Z. CRuCl 2 (S) -Binap] (dm 
f) n (5 2 4mg, 0. 5 2mmol) , (S, 
S) -y*7i-;i/Xf l/>y7^> (ETF\ DPEN<h 
BSKTS) (0. 117mg, 0. 5 5 mmo 1 ) , *J 
/^*AA7 5 Hi 5ml £ttj&A,tf£. B&«*£> - 

h;UX>/^+1*>^6WISfiU (S) -B i n 
40 ap RuClz (S, S) -DPEN 3 6 1 m g £: 

ntt. 

[0 0 4 7] C0f^»P 31 -NMR (Ce De ) 
_L, 4 7. 4 p pml;y>y'l/7 h^«iBf]Snfc. 
^«i»J3 

7i^>gftU/:5 0mlyal/>^^ (S) - B i 
nap RuCl 2 (S, S) -DPEN (2 2 9m 
g, 0. 2 2 7 mmo 1) , KOt-Bu (80mg, 
0. 7 1 3 mmo I ) , 2-7uny—)V 10ml, h 

;ux>i om i £tt&A,fc\ k»». -®.m&. 

so T\ tgfcgLfco hii/X>2 0mltm «£Jf£iIIi©L 
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tzVk. «)8U B*fi(Oft&«13 0mgS|»fc. CCD 

H-NMR (Cs Db)L -11. 9pp 
m, -12. 6ppm, M-15. 3ppml:kHU 

[RuCh (S) -Binap) (dmf) n tC^A 
TCRuClz (R) -Binap) (dmf) 

(S, S) -DPENCfx.T (R, R) -DPEN$ 
J^fcEWMi, **«2£H«lCK**ff^ (R) - 
Binap RuCh (R. R) -DEPN£3 5 0 10 
mgf#Ac. 

[0 0 4 8] CflMfc^Wtt* P 31 — NMR (Cs De ) 
±, 4 7. 4 p pmlCy'>5 r l/y h^fifflSilfc. 

T)l3>S.&{sfiiS 0m 1 yaU>^C, (R) -Bi 
nap RuCI 2 (R, R) -DPEN (3 0 0m 
g, 0. 2 9 8mmo 1) , KOt-Bu (85mg, 

0. 7 4 5mmol), 2-yD/VHH0ml, H 
;UX>1 Om 1 Srtti£/ufc\ R^t, —ft***, #Cl> 

fc«. »*BU «»fi©ftS»10 0mgS»&. 

(S, S) -DPENld^T (R, R) -DPEN?: 
*JB«2 4:ra«JCSJCSfT^. (S) - 
Binap RuCh (R, R) -DPEN3 2 0m 
g 

[00 49] H-NMR (Co De ) <5 3. 03 
(d, 2H) , 4. 4 0 (m, 2 H) , 4. 7 0 (m, 
2H), 6. 4-7. 7 (m), 7. 43, 7. 72, 
8.20,8.47.8.70 30 
£<D{£&mt. P 31 — NMR (Ce De ) 1, 4 6. 9 
p pmCy>yi/7 h«<tiianft. 

T;Pzf>B8lLfc5 Om 1 ->iU>^tc, (S) -Bi 
nap RuCl2 (R, R) -DPEN (381m 
g, 0 . 3 7 8mmo 1) > KOt-Bu (112m 
g, 0. 9 9 8mmol) , 2-^D/V-;H0m 

1, h^X>3 0ml^ftWc o MSt», -f&Mft. 
Vklfi'V* MffiLtt. s\tt> ml, hJH>6 0m 

19 0mg*#fc. COML^te, H-NMR (Ce D 
e ) ±. -14. 2ppm, -14. 5ppm, TkZf- 
19. 0 p pmk:t h'U KIC»»Sni'>ytM4A 
£0 

CR u C 1 2 (S) -Binap) (dmf) n tC^x. 
T (RuCh (R) - tol-Binap) (dm 

f) n$, (S, S) -DPENCfxt (R, 

R) -DPENfiffl^fcHftll %lM2£nJSK:KJ& 
SfrH. (R) - tol-Binap RuCl so 



I 1 - 1 8 9 6 0 0 

20 

2 (R, R) -DP EN£3 6 OmgSfc, 
[0 0 5 0] H-NMR (Ce De ) 6 0. 5 4, 1. 
69, 1. 86, 3. 30. 3. 46, 4. 55, 6. 
39, 6. 72, 6. 96, 7. 40, 7. 75, 8. 
37, 8. 67, 8. 77, 
31 P (Ce De ) 6 4 6. 2 1 p pm 

d. mmmrf h ?>x\zmttLi,fzmm'v$>z>z t^mm 

Sftfc. 

CRuCl 2 (S) -Binap) (dmf) n 
t (RuCh (R) - tol-Binap) (dm 
f) n*ffl^fcEWtt, mM2&natt:Ett£f?fri. 

(R) - tol-Binap RuCh (S, S) - 
DPEN 3 7 0mgWco 

[0 0 5 1] H-NMR (Ce De ) <5 0. 4 7, 1 . 
6 9, 1. 8 0, 3. 1 0, 4. 4 0, 6. 44, 6. 
6 2, 6. 7 4, 6. 9 3, 7. 3 8, 7. 7 2, 8. 
09,8.4 4,8.53, ' 
31 P (Ce De ) 6 4 5. 5 1 

1 o 

J.Chem.Soc. . Chem . Commun . , 9 9 2 ( 1 9 8 5) <D~Jj}& 
{£fi£<^ (RuCh (COD) ) n (CODte, 1, 
5 -y^Pt^^yXX^ra^ ) t (S) -Bi 
n a p£Rj£31i\ ( (S) -Binap) 2 Ruz C 

u - Eta ncd h)vx.>mm&mrco cn&mmit-f 

\Z. fctDRfRtzm^tt. 

[0 0 5 2] ftttoft, 7M>liLfc2 0 0mly 
=lU>2^\Z ( (S) -Binap) 2 Ru 2 CU • 
E t 3 N09 b;UX>Jgi& 80ml (1. 9 8mmo 

1) £tt&^ utile. mux> 1 om 1 \zmf»\stz 

(R, R) -DPEN (4 6 2mg, 2. 718mmo 

1) *as3unufc. 8 0tt2rati)$i/:E 

(S) -Binap RuCh (R, R) -DPEN 

1 2 0 Omg^ll/to 
[0 0 5 3] H-NMR, P-NMRH *JB« 6 

^atw 1 1 

RuCh (PPh 3 ) 2 (en) (7. 6mg, 0. 
Olmmol) <h KOH (0. 02mmol) tTir h 
7i/> (60mg, 5. Ommo I ) £ 3 m 1 <D 2 - 

0 Om 1 <DlS?7,&*-h9\s—7\Z±fk&&\s1t&& 
SSrBfftJE (3 SUE) *-Cfkii*R**«W6b3e:. RJS 
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WiT'fo £ 7 x *^;ut )V a — ;ko £7g tt* ff o fco 
EK-SHttT^TiBKSft. £/£#>(DiR*m 9 9 %JBLh 

:£J5fifll 1 2 

RuH 2 (PPh 3 ) 2 (en) (17. 2mg, 0. 
0 2 5mmol) (h7th7x/> (6 0 0mg, 5. 
Ommol) S:3m 102 — ~7u/^y~—)\/lZl$rfflt£1£fBt 
ai/7W>aftl/^Sl 00ml (Ofl7XSt-h^ 

j&*R«*IJM&Lfc. g««ft3 0»IB«^ Kffi 10 
1 3 

(S) -Binap RuCIa (S, S) -DPEN 
(12. 2mg, 0. 0121 mmo I ) , KO-t- 
Bu (11. 5mg, 0. 102mmol) £:5ml£> 

0 0m 1 GDtf^XiS^— U—-7\Z±m&&{sfc<, 3 20 
0ttm.Wl,tz'&. 2 -yn/W-;U5m 1 izmML-fizT 
tS7x7> (6 0 0mg, 5. Ommo 1) £r?SJJU 
L, RAtt. ***Bf5eCE ( 3^UE£) ^Ttt^^Si^^ 

9 9%JHJ;T*-3fc. 3t*Stt*7A*«^S* 

(R) -M8 1. 7%eeTMtt^Co 30 
j&MM 1 4 

$IW3tHfc (S) -Binap RuH 2 (S, 
S) -DPEN (25. 9mg, 0. 0 2 7 6mmo 
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1) t7th7x;> (6 0 0mg. 5. Ommol) 
£3m I (02 -zfarty-JUzmffiZVTU^L* 7 )V 

j>mmistz'&i oom! (Dit^xm*- vzv--j\z 
EtctxifL/t, K««©<f x ? 07 h ^ 7 7 y ±r; 

NMRJC«fc0*fiE«lT*S7x*9 1 ;UT;Uri--;i/<7)|sJ3t 

i^*flfeiS«a)»«T^6. }#6n^c7x^7;i/3-;p 

tt, (R) -#tf8 1. 3%eeTMlT^Co 

%mm 1 5 

*i«5Tfi& (R) -Binap R u H2 (R, 
R) -DPEN (23. Omg, 0. 0 2 4 5mmo 
1) , KO-t-Bu (82mg, 0. 7 3 mmo 
1) , TirH^xy> (16. 86g, 0. 1 4 Omo 
1) S3 5m 1 <D2 --JurtJ—Mzmm^XWM 
U 7;^>Iil/:i2 0 0m 1 W*7Xi!t- h^7 

u-7iz±m&&i>tz&*mzmj£f£ (3^e) s-ett 

7K^^«*&L^o JEtf>tt*l BUttbfc*, J^JSm^S 
tfN M R JC «t 0 £j£#J T? * 5 7 x * ^ 7 ^ =3 — JUtf) |3J 

fflli4*riE«©»*r*6. »6nt7x*3 : *7W- 
(S) -*^8 3. 3«ee-Ct«bWfc. 
[0 0 5 4] 
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